This paper analyzed the harmony of the Weibull Distribution Function (WDF) and the real data obtained from three different locations. The Standard Deviation Method (SDM) was used to calculate the coefficients of the WDF at Adana, Osmaniye and Hatay regions. One of the important purposes of this study is to observe how the performance of the SDM changes in regions with different mean wind speeds. The statistical fittings of the calculated and measured hourly wind speed data were evaluated for justifying the performance of the SDM. According to the results, Root Mean Square Error (RMSE) , Coefficient of Determination (R 2 ) and Mean Percentage Error (MPE) error analyses tests were used to evaluate the performance of mentioned method in all three selected regions. The performance of the method mentioned in this study was examined in detail at different regions with different geographic characteristics. For the selected three regions, the performance of the SDM was evaluated at different mean wind speeds varying over the years. In addition, the performance of the selected method in three different regions was examined in detail in the same years and it was observed how geographical factors affected the performance of the method.
Introduction
In recent years, the need for energy is constantly increasing due to the developing technology and the increasing population in the world [1] . The fact that the fossil energy sources will be exhausted and the harmful effects on the environment cause all countries to turn to renewable energy sources [2] . The needs of countries to meet their energy deficits are seriously affecting countries politically and economically. As a consequence of the consumption of limited reserves of fossil fuel and the environmental effects, the attention to renewable energy sources has increased. The capacity usage of wind energy resources is increasing year by year in the worldwide [1, 3, 4] . Fig. 1 shows how the global installed wind power capacity has changed from 2004 to 2016. As can be seen from this figure, a similar increase is observed in the installed wind power capacity in recent years. In 2016, the total global installed wind power capacity has reached 486.75 GW worldwide [1, 5, 6] . Turkey can be considered as a poor country in terms of fossil fuel sources, but Turkey is a country rich in terms renewable energy sources because of the geographical characteristics of the region. From this reason, wind energy and other renewable energy sources are very important energy subject in all developing countries such as Turkey [1] . It is anticipated that at 2020 in Turkey, electricity consumption will have increased to 392 TWh with an annual increase of 6.9% according to the high scenario, and to 357. 4 TWh with an annual increase of 5.5% according to the base scenario.
In 2016, new plants of a total of 5,899 MW have been added to the system, and our installed power has reached to 78.497 GW level by the end of 2016 [7] . The unit cost of energy consumption in our country is still high due to the luck of fossil energy resources, and that our foreign-dependency continues at the current situation. It can be said that a significant increase has been observed in the energy variety and use of renewable energy resources during recent years due to new laws and regulations introduced especially in the renewable energy investments field. In 2016, If we look at the overall share of energy sources in electricity production in Turkey, 32.1% of our electricity generation was obtained from natural gas, 33.9% from coal, 24.7% from hydraulic energy, 5.7% from wind energy, 1.8% from geothermal energy, and 1.8% from other resources [7] . It can be said that the wind energy is one of the most popular renewable energy resources [1, 6] . It is shown in Fig. 2 that the installed wind power capacity of Turkey has risen by more than 
Literature review
Many studies are being carried out to determine the wind energy potential throughout the world. In most of these studies, Weibull Distribution Function which is compatible with wind speed data is used to estimate the wind energy potential for a selected region . The most important indicator in determining the wind energy potential is the parameters of the WDF. Many Different numerical methods were used in the literature to compute these parameters. Some of these studies in literature are given below.
Chaurasiya et al. [8] estimated the parameters of the WDF with different methods and compared the performance of used methods at different heights. Soulouknga et al. [9] used the weibull distribution function to determine the wind potential in the selected locations and they determined the wind power densities at different altitudes in selected regions. Katinas et al. [10] calculated the dimensionless shape 'k' coefficient and scale 'c' coefficient for Lithuania using different methods and analyzed the results. Aries et al. [11] assessed the accuracy of different probability density functions for modeling wind speed distribution at four different regions, distributed over Algeria. They used L-Moments Method, Maximum Likelihood Method, Moment Method and Power Density Method while determining the coefficients of WDF. Usta et al. [12] introduce a new estimation approach that could be used to calculate the parameters of WDF for the estimation of wind power and they reviewed the previous estimation methods used to determine the coefficients of WDF. Shoib et al. [13] evaluated the performance of WDF with using real wind data measured at five different altitude and they revealed that a wind power potential of selected region at Baburband site. Katinas et al. [14] evaluated the application of WDF by summarizing power density of wind enedrgy in selected regions. They used eight methods to determine the reliability of the calculating t shape k and scale c parameters. Aukino et al. [15] investigated the wind energy resource at two locations in Kiribati and they performed and analysed the wind speed, direction, ambient temperature and pressure. Freitas et al. [16] introduced a new approach for the evaluating of numerical methods used in determining the coefficients of WDF for the estimation of wind energy potential. Azad et al. [17] used different methods to find the coefficients of the Weibull distribution function and examined how the performance of these methods changed at different heights. Kaoga et al. [18] used five different methods to find the coefficients of the Weibull distribution function for the Cameroon region, and examined the performance of these methods in different error analysis tests. The coefficients of WDF must be determined to calculate the average wind speed and wind energy potential of selected region. In this study, SDM method has been used and the performance of this method has been investigated in three different regions with different average wind speed and character. Therefore, it has been observed how the performance of the WDF changes at different geographical features and at different mean wind speeds. The performance of the SDM method used to determine the coefficients of WDF has been examined in detail using different error analysis methods.
Wind measurement sites
The selected regions are given in Fig Turkey should use renewable energy more widely in order to meet the increasing energy demand. and should increase the installed wind power capacity. The new wind energy targets must be determined and necessary investments should be made. In order to reduce production costs in wind energy and to increase the share of wind in total energy production, it is necessary to establish more efficient systems. Developments in wind turbine technologies are generally aimed at increasing production capacity without compromising physical strength and operating quality.
Wind Data Analyses
Monthly variation of mean wind speeds in selected regions are shown in This study examines the compatibility of the SDM used to find the parameters of WDF at different selected locations with real wind data at a height of ten meters. Fig. 5 shows the wind direction intensity of three selected regions [1] . 
Outline of the Methodology
A variety of distribution functions are used to determine the wind rate distribution. Two-parameter Weibull and
Rayleigh distribution functions are the most widely used parameters. As Rayleigh distribution has a single parameter, it is less flexible compared to that of Weibull's, however, the estimation of its parameters is much easier. Wind data analysis of a region is a process in which the performance of that region is predicted by utilizing the values that have been previously measured and obtained accordingly [19, 20] .
Determination Of Weibull Parameters
Different numerical methods are used to calculate the parameters of the Weibull distribution function. The general expression of the Weibull distribution function is given in the following equations. Weibull distribution function has two parameters; these parameters are dimensionless shape 'k' coefficient and scale 'c' coefficient which has the same unit with wind speed [10, 21] :
Standard Deviation Method
In this method, the average wind speed and the standard deviation values are used to calculate the WDF. The shape 'k' and the scale 'c' coefficients can be calculated as in Eq. 3 and Eq. 4 [10 ,17] . 
Wind Power Calculation
Nowadays, studies on this subject are made to find the wind energy potential at the different selected regions. In order to obtain wind energy from a region, firstly the potential of the wind energy of the region must be determined. In general, the energy of the wind is expressed as the following equation [13, 21, 22] . 
As can be seen from the above equation, the wind speed is the most important input to calculate the wind energy potential because the wind energy is proportional to the speed of the wind. Small changes in wind intensity can make big and important differences in wind energy. When wind energy farms are established the most important markers are how often and how long the desired wind intensity occurs. As it is understood from the equation given above, wind speed directions do not have any factor in determining the potential of wind energy. Firstly, to determine the characterization of wind energy at a selected region, hourly wind speed values and wind directions are examined [23, 24, 25] .
Results and Discussion
The 'k' coefficient of Weibull Distribution Function is very determinative factor to determine the wind energy characteristics of a selected wind site. The 'c' coefficient of WDF indicates the wind power potentiality of the selected location. Greater the value of c means the more potential of wind sites. The performance of all used numerical methods in estimating WDF parameters at different locations has been graphically compared. The determined shape and scale coefficients of WDF for selected three locations are shown in Fig. 6 , respectively. 
Statistical Error Analysis
Three different statistical indicators which are RMSE (the root mean square error), R 2 (analysis of variance) and MPE (mean percentage error) were used to evaluate the performance of the methods used and to compare the results of each method with other methods [8 ,12, 18, 26] .
• The root mean square error (RMSE)
• Mean percentage error (MPE)
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The calculated statistical error results were shown in Table 1 . The performance of the WDF can be assessed by applying the above statistical tests. When analyzing the compatibility of the used method with actual wind data; the results of RMSE and MPE statistical tests are close to zero, indicating that the performance of SDM is good and the results of R 2 statistical test are close to one, indicating that the performance of SDM is good [1, 7, 10] . The results obtained were compared for regions with three different mean wind speed and values were found very close to each other. Although these results vary little change from year to year, it shows us that this method while determining
Weibull coefficients performs very well at different mean wind speed values.
Power Density Assesment
As known, the different between the estimated wind energy by the WDF and calculated wind energy by actual time series data can be used as an indicator to evaluate the performance of the used method. The mean wind speed 'Vm' and wind power density 'Pm' can be calculated by the Eq.11 and Eq.12 [27, 28] :
If we replace the actual values in the given equations (ρ=1.223 kg/m3), the mean wind speed and power can be Both the actual mean wind speed and power values for the three selected locations were calculated and the average speed and power values were calculated using the Weibull distribution function and the obtained results are given in Table 2 . When 'k' and 'c' values are examined, it is seen that the most suitable region in terms of wind energy capacity is the Osmaniye region with the highest average wind speed value. It was found that SDM provided very good performance for three different locations based on the calculated and estimated power densities based on nine-year wind speed data.
Conclusions
The main objective of this paper is to evaluate the performance of SDM for calculating the coefficients of WDF at 
